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Abstract. The retinal pigment epithelium (RPE) is a monolayer of cells located between choroid and the 
photoreceptors. RPE has a crucial role in the functioning of retina by providing oxygen and nutrients and by 
removing the debris and metabolites of photoreceptors. Retina is a tissue with a high metabolic rate and is 
subject to the aggression of the reactive oxygen species. Beta-cryptoxanthin is a lipophilic pigment widely found 
in the human diet and is one of the most important provitamin A compounds.  
In this study we investigated the ability of RPE cultured cells to incorporate β-cryptoxanthin in their 
free and esterified forms. Their effects on the cell viability and on cell antioxidant defence were also 
investigated. 
Carotenoids were delivered to the cell culture using small amounts of tetrahydrofuran added to the fetal 
calf serum. Two procedures were used for incorporation: adding carotenoids to the cell suspension (a) or to the 
confluent monolayer (b). The incorporation yield was determined by UV-Vis spectrophotometry after extraction 
from cell pellet, the cells viability by Trypan Blue (for incorporation experiment) and by MTT assay. The 
antioxidant effect was determined by intracellular ROS assay (DCF-DA). 
Human RPE cultured cells can incorporate the free form of β-cryptoxanthin with an incorporation yield 
of 7.91 % for the first procedure and 7.65 % for the second one. The viability of cells was higher for the second 
procedure (96.2 %) comparing with the first one (93.7 %). The concentration of β-cryptoxanthin in the cells 
tends to decrease in time for both procedures, being lower after 48 h and respectively 72 hours. The esterified 
form of β-cryptoxanthin can not be incorporated by RPE cells and has not strong influence on the cell viability. 
Administration of free β-cryptoxanthin at 10 μM has a positive effect on the cell viability for control and 
hydrogen peroxide pre-tretead cells. β-cryptoxanthin has an inhibitory effect on reactive oxygen species 




The retinal pigment epithelium (RPE) is a monolayer of cells located between 
choroids and the photoreceptors. RPE has a crucial role in the functioning of retina first by 
providing oxygen and nutrients and secondly by removing the debris of photoreceptors 
metabolism [Davis et al, 1995; Kopitz et al., 2004]. Damages of RPE are leading causes of 
age related macular degeneration (AMD).  
Retina is a tissue with a high metabolic rate and is subject to the aggression of the 
reactive oxygen species (ROS). ROS are generated in the retina by mitochondrial electron 
transport chain, during the phagocytosis of rod outer segments and as a consequence of photo 
oxidation processes [Kopitz et al., 2004; Beatty et al, 2000]. RPE and other cells use 
endogenous enzymatic and non-enzymatic antioxidants as a mechanism of reactive oxygen 
species detoxification. The retinal epithelium is particularly rich in nonenzymatic antioxidants 
such are tocopherols, ascorbic acid, lutein and zeaxanthin [Snodderly et al, 1984; 
Sommerburg et al, 1999; Khachick et al, 1997; Rapp et al, 2000]. Carotenoids are known as 
efficient lipophilic antioxidants acting as singlet oxygen quenchers and as scavengers of 
reactive oxygen intermediates [Krinsky and Johnson, 2005]. β-cryptoxanthin is a lipophilic 
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pigment widely found in the human diet and is one of the most important carotenoids with 
provitaminic activity. Fasting serum concentration in human ranges between 0.14-0.50 μM 
but it is strongly influenced by diet [Breithaupt et al., 2003; Krinsky and Johnson, 2005]. The 
best sources of β-cryptoxanthin are vegetables and especially orange coloured fruits. Beta-
cryptoxanthin showed anti-tumour promoting activity in induced skin carcinogenesis and their 
plasma concentration was inversely correlated with the risk of colon cancer [Hoyoku et al., 
2002]. It also showed a unique anabolic effect on bone calcification in vitro and in vivo 
[Uchiyama and Yamaguchi, 2008]. 
A large number of studies suggest that oxidative stress might play a role in the 
aetiology of many neurodegenerative diseases, including AMD. The aims of this study were 
to investigate the ability of RPE cultured cells to incorporate, β-cryptoxanthin in free and 
esterified forms, to evaluate the carotenoids effect on cell culture viability and on cell 
antioxidant defence. 
 
MATERIAL AND METHOD 
 
D407 RPE cells were grown in high glucose DMEM containing sodium pyruvate, 
penicillin, streptomycin and amphotericin and supplemented with 10% fetal calf serum. Cells 
were grown in 25 cm2 culture flasks for incorporation experiment and in 96-well culture 
plates for other parameters, under 5% CO2/95% moist air atmosphere at 37° C. The free and 
esterified β-cryptoxanthin was purified from Physalis alkekengi L. by open column 
chromatography and HPLC. Pigments were dissolved in small volumes of tetrahydrofuran 
(THF) in order to have a final concentration of THF lower than 0.5 % in the culture media. 
Carotenoids were added in two procedures: a) to cell suspension after trypsinization and b) to 
confluent cells. Cells were trypsinized at 48 and 72 h for procedure (a) and after 24 and 48 h 
for procedure (b). The cells were collected by trypsination with 0.05% trypsin in phosphate 
buffer saline (PBS), treated with Triton X 100 and subjected to carotenoids extraction with 
solvents. The incorporation yield of carotenoids was determined by UV-Vis 
spectrophotometry. For incorporation experiment the viability of cells was assessed with 
Trypan Blue. 
Determination of cell viability was made by MTT 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) assay. Cells cultivated in 96 well plates were washed with PBS 
and incubated with MTT during 2 hours, at 37 °C. Then, the MTT solution was removed and 
cells were treated with DMSO. The absorbance was measured at 550 nm. Intracellular 
reactive oxygen species was estimated with 2’,7’-dichlorofluorescein diacetate which is 
hydrolyzed and then oxidized by ROS to the fluorescent dichlorofluorescin (DCF) [LeBel et 
al, 1992]. The fluorescence of DCF was measured during 4 hours, at 1 hour intervals with the 
excitation wavelength 485 nm and emission wavelength at 528 nm. Sublethal doses of 
hydrogen peroxide (500 µM in culture medium) were added in order to induce oxidative 
stress. 
 
RESULTS AND DISCUSSION 
 
The human retina accumulates only two dietary carotenoids: lutein and zeaxanthin. 
Some other minor compounds such are mezozeaxanthin, 9- trans 13-Z isomers of lutein and 
zeaxanthin, 3’-oxo-lutein, epilutein and ε,ε-carotene-3,3’-dione were found in small amounts 
in various anatomic structures of the retina [Khachik et al., 1997].  
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Beside lutein and zeaxanthin, the human plasma contains important amounts of other 
carotenoids: β-carotene, β-cryptoxanthin, lycopene and α-carotene [Khachik et al., 1997]. β-
cryptoxanthin is a provitaminic monoxanthophyll possessing two β-end groups, one of it 
bearing a hydroxyl group. As consequence their backbone is identical with β-carotene but the 
polarity is higher. The hydroxyl group can be esterified with fatty acids, usually with 
saturated middle chain length. The β-cryptoxanthin esters fraction obtained from Physalis 
alkekengi L. contain as major compound the β-cryptoxanthin palmitate (95 %) and in smaller 
amount miristate and stearate. The esterification of β-cryptoxanthin does not modify the light 
absorption properties but has important influence on molecule dimension and polarity. β-
cryptoxanthin esters are much more lipophilic than the free xanthophyll. Here we found that 
free (unesterified) β-cryptoxanthin can be incorporated in RPE cell culture (Fig. 1, Table 1).  
 
β−CryptoxanthinHO
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Fig. 1. Absorption spectra of β-cryptoxanthin extracted from RPE cells after incubation 
(Procedure A). 
 
The ability of RPE cells to incorporate β-cryptoxanthin was investigated in two 
different procedures. Administration of β-cryptoxanthin does not strongly influence the cell 
viabilty, which is situated between 93.7 % and 96.2 % for free β-cryptoxanthin (FB) and 
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lower for esterified β-cryptoxanthin (EB). The viability of cells was higher for the second 
procedure, when carotenoids were added to confluent cells, comparing with the first one. 
Similar intracellular concentrations were found for both procedures, with incorporation yield 
7.91 % for procedure (a) and 7.65 % for the procedure (b). The values are close to those 
obtained for free lutein and zeaxanthin (6%-8.5 %) [Pintea et al, 2007]. The β-cryptoxanthin 
esters were not incorporated into the cells, fact which was observed also for lutein and 
zeaxanthin esters [Pintea et al, 2007]. The lack of esters incorporation can be explained by the 
higher size of the molecule and their higher lipophilicity. The concentration of β-
cryptoxanthin in the cells tends to decrease in time, being lower after 48 h (proc. b) and 
respectively 72 h (proc. a). RPE cells (D407 line) were proved to express β,β-carotene-15,15’ 
monooxygenase (BCO), the enzyme which catalyse the oxidative cleavage of β,β-carotene 
into retinal [Chichili et al., 2005].  
 




Concentration of carotenoid  (nmols/106 cells) 
Pigment Initial conc. 
(nmols/ 
106 cells) Viability 
% 
48 h 72 h 
FB 20 93.7 ± 2.4 1.60 ±  0.08 0.35 ± 0.02 




Concentration of carotenoid  (nmols/106 cells) 
Pigment Initial conc. 
(nmols/ 
106 cells) Viability 
% 
24 h 48 h 
FB 20 96.2 ± 2.1 1.55 ± 0.07 0.68 ± 0.04 






















Fig. 3. The effect of β-cryptoxanthin administration on RPE cells viability. 
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It is possible that RPE BCO accept as substrate β-cryptoxanthin, a provitamin A 
carotenoid. This could explain the decrease of β-cryptoxanthin concentration in RPE cells 
after 48 h of treatment comparing with the concentration after 24 h (Table 1). The 
measurement of retinal in the RPE after β-cryptoxanthin administration and determination of 
BCO activity would confirm this hypothesis.  
In order to determine the effect of β-cryptoxanthin administration on RPE cells, we 
pre-treated the cells with a non-lethal dose of hydrogen peroxide (500 μM). Control cells 
treated with hydrogen peroxide showed a significantly decreased viability, as determined with 
MTT assay. In a concentration of 10 μM, β-cryptoxanthin determined an increase of viability 
especially in control but also in pre-treated cells. One can say that β-cryptoxanthin protect 




























Fig. 4. The effect of β-cryptoxanthin administration on ROS generation  
 
RPE cell treated with hydrogen peroxide showed a strong increase in DCF 
fluorescence compared to control. Administration of β-cryptoxanthin to control cells does not 
influence the DCF fluorescence and, subsequently the ROS generation (Fig. 4). However, in 
cells pre-treated with hydrogen peroxide a significant decrease of fluorescence can be 
observed. It is possible that β-cryptoxanthin acts as an antioxidant in cells in induced 




Human RPE cells can incorporate one of the major dietary carotenoid, β-cryptoxanthin,  
in his free form but not in esterified form. The incorporation yield was similar for the two 
procedures used to deliver the carotenoid but the viability was higher when it was added to 
confluent cells. The concentration of β-cryptoxanthin into the cells tends to decrease in time, 
being lower after 48 and respectively 72 hours after treatment in both procedures. 
Administration of free β-cryptoxanthin at 10 μM has a positive effect on the cell viability for 
control and hydrogen peroxide pre-tretead cells. β-cryptoxanthin has an inhibitory effect on 
reactive oxygen species generation in the RPE cells acting as antioxidant.  
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